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再通过 800 W/3 min 微波处理，制备得到的 FeSe2/C 催化剂呈现正交相结构，平均晶
粒尺寸约 44 nm，在碱性介质中的氧还原峰电位（Ep）和氧还原电位（EORR）分别为
0.733 V和 0.814 V。硒/铁比值（Se/Fe）对 FeSe2/C 纳米催化剂的结构、组成、形貌
和氧还原电位影响较小，但对稳定性有影响。FeSe2/C 催化剂在酸性介质中的氧还原
活性很差。在所研究的 Se/Fe=2.04.0 范围内，Se/Fe 比值增大，FeSe2/C 催化剂在碱
性介质中的稳定性提高。经过 900 圈循环后，Se/Fe=2.0 时，EORR值下降了 3.66%，
Se/Fe=3.0 时，EORR值下降了 0.94%，而当 Se/Fe=4.0时，EORR值仅下降 0.64%。 
在此基础上进一步合成 FeCoSe/C 三元催化剂，并与相同条件下制备的 FeSe2/C
和 CoSe2/C 二元催化剂进行比较。结果发现，FeCoSe/C 催化剂为具有正交相结构的
FeSe2和 CoSe2的混合物，平均晶粒尺寸约 20 nm，比 FeSe2/C 的平均晶粒尺寸小 50%，
在碱性介质中 EORR值为 0.790 V，比酸性介质高出 0.4 V，接近 CoSe2/C 在碱性介质
中的 EORR值（0.794 V），稍低于 FeSe2/C 在碱性介质中的 EORR（0.814 V），但稳定性
有所改善。经过 900 圈循环后，FeCoSe/C 催化剂的 EORR值增加了 0.66%，而 FeSe2/C
和 CoSe2/C 的稳定性都有不同程度的降低，但 FeCoSe/C 催化剂在酸性介质中的氧还


































Low temperature fuel cells include alkaline fuel cell and proton exchange membrane 
fuel cell. They start up fast with high specific energy and can be operated at low 
temperatures. However, they have to use expensive precious platinum based metals as 
catalysts. Metal selenides exhibit good electrocatalytic activity toward oxygen reduction 
reaction (ORR) and chemical stability. They are low cost and become candidate materials 
for low temperature fuel cell cathode catalysts. In this work, a series of carbon supported 
iron based selenides nanocatalysts including carbon supported iron selenide (FeSe2/C) and 
carbon supported iron cobalt selenide (FeCoSe/C) were rapidly prepared through a simple 
microwave route. The crystal structures, surface compositions, morphologies and 
microstructures of catalysts, as well as the degrees in graphitization of carbon supports 
were studied. The effects of types and adding sequences of carbon supports, types of iron 
raw materials and solvents, microwave time and selenium/iron (Se/Fe) ratios on the 
electrocatalytic ORR activities and stabilities were systemtically investigated. Accordingly, 
the iron based selenide nanocatalysts with good ORR activity and durability were obtained. 
It was shown that the FeSe2/C catalyst, prepared with ferrous oxalate as an iron source, 
ethylene glycol and glycerol blend solvent, adding carbon support BP2000 before the 
microwave at 800 W for 3 min, displayed orthorhombic FeSe2 phase with the average 
crystallite sizes of 44 nm. The peak potential (Ep) and the potential corresponding to ORR 
(EORR) were 0.733 V and 0.814 V, respectively, in an alkaline medium. The Se/Fe ratios 
had minor effects on the structures, compositions, morphologies and ORR activities of 
FeSe2/C nanocatalysts. However, the stabilities were influenced by variations of Se/Fe 
ratios. Poor ORR activities were obtained for FeSe2/C nanocatalysts in an acidic medium. 
In the range of Se/Fe=2.04.0 studied, the stabilities of FeSe2/C nanocatalysts were 
improved with the increases of Se/Fe ratios in an alkaline medium. Upon 900 cycles the 
EORR value lowered 3.66% with Se/Fe=2.0, while 0.94% with Se/Fe=3.0. When Se/Fe=4.0, 
















The FeCoSe/C ternary catalysts were further synthesized and compared with FeSe2/C 
and CoSe2/C binary catalysts. The results revealed that the FeCoSe/C consisted of mixed 
orthogonal phases of FeSe2 and CoSe2 with the average grain size of 20 nm, which was 
50% smaller than that of FeSe2/C. The EORR value of the FeCoSe/C catalyst was 0.790 V in 
an alkaline medium, which was 0.4 V more positive than that in an acid medium, 
approaching that of CoSe2/C in an alkaline medium (0.794 V), but slightly smaller than 
that of FeSe2/C in an alkaline medium (0.814 V). The stability of FeCoSe/C became better, 
while those of FeSe2/C and CoSe2/C worse. After 900 cycles, the EORR value of FeCoSe/C 
increased 0.66%. But the ORR activities of FeCoSe/C catalysts were poorer than CoSe2/C 
catalysts in acidic media. 
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（Alkaline Fuel Cell，AFC）、磷酸燃料电池（Phosphoric Acid Fuel Cell，PAFC）、熔
融碳酸盐燃料电池（Molten Carbonate Fuel Cell，MCFC）、固体氧化物燃料电池（Solid 
Oxide Fuel Cell，SOFC）、质子交换膜燃料电池（Proton Exchange Methanol Fuel Cell，
PEMFC）。表 1.1是各类燃料电池的工作温度、电解质和应用领域的对比[1, 2]。按工作
温度进行分类，又可以分为低温（室温~150℃）、中温（150~650℃）、高温（>650℃）
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